Introduction
One of the most important aspects of orthodontic treatment planning is an evaluation of the soft tissue profile 1 . Perception of facial esthetics is also one of the factors determining patient satisfaction of orthodontic therapy 2 . Appreciation of dental and facial appearance is also a matter of subjective evaluation having significant implications for one's social interactions [3] [4] [5] . The potential negative effect of compromised esthetics has been recognized and considered to be sufficient cause for treatment 6, 7 .
Soft tissue profile reflects the underlying hard tissues, this being true for the skeletal Class III patients where the existing discrepancy results in a concave soft tissue profile 8, 9 . Class III patients compose less than 2% of the general population 10 . Although Class III malocclusion is not very common in Caucasian populations 11, 12 , it represents a condition of great clinical interest. Class III malocclusion cases are considered complex problems and many of the patients may seek surgical treatment because of unacceptable esthetics. One third of Class III patients evaluated in the 1980's at the University of North Carolina through the Dentofacial Program sought orthognathic surgery13. The prevalence of Class III malocclusion in some Mediterranean and Middle Eastern populations has been reported to be relatively high [14] [15] [16] [17] . In Northern Greece the prevalence of Class III malocclusion is 1.21% for the adolescents 12-14 years old 18 .
Early orthodontic and/or orthopedic treatment of Class III malocclusion results in an acceptable occlusion, function and facial esthetics 19 . For adults with skeletal Class III malocclusion treatment is always a kind of camouflage resulting in an acceptable occlusion but cannot extensively affect facial esthetics 10 as the patient retains his or her characteristic concave profile. Better esthetic results are achieved when a functional mandibular prognathism 
Statistical analysis
The assumption of normality was investigated using the Shapiro-Wilk test. Normally distributed variables between the two genders were compared with the independent samples t-test, whereas non-normally distributed variables were compared with the MannWhitney U test.
The error of the method was examined by double tracing of 30 randomly chosen cephalometric radiographs. Normally distributed variables were tested with the paired samples t-test, whereas non-normally distributed variables were tested with the Wilcoxon test.
Results
The results for method error analysis are presented in Table 1 . Soft tissue analysis demonstrated significant differences between Class III males and females (Table  2) . Class III males presented greater nose prominence and upper lip curvature, longer distance from subnasale to the harmony line, more negative convexity of the skeletal profile, thicker upper lip and upper lip strain when compared to Class III Greek females. component exists. In general, adults expect from treatment changes of their facial profile esthetics. Such changes could be attained by a combination of orthodontic and orthognathic intervention [20] [21] [22] [23] [24] [25] [26] . Thus, a significant proportion of patients seeking orthognathic surgery are esthetically motivated [27] [28] [29] and the esthetic evaluation of Class III patients who demand soft tissue changes after treatment is a main step in treatment planning 30 .
The purpose of the present study was to assess the characteristics of the soft tissue profile and investigate the possible gender differences in adult Greeks with Class III malocclusion on pretreatment lateral skull cephalometric radiographs.
Material and methods
The pre-treatment orthodontic files of the Postgraduate Orthodontic Clinic, Department of Orthodontics, Aristotle University of Thessaloniki, Thessaloniki, Greece were reviewed and appropriate cases selected according to the following criteria:
• Greek ethnicity, • Age above 18 years, • Class III relationship of the first permanent molars.
In order to exclude functional shift the assessment was carried out in centric relation, • Good quality of pre-treatment lateral cephalograms.
The final material involved 57 pretreatment lateral cephalograms (mean: 24. Lateral cephalometric radiographs were traced on acetate tracing paper and digitized with the Viewbox 2.6 (dhal Software, Athens) cephalometric software.
The Holdaway cephalometric analysis 31 
Discussion
Class III malocclusion is a severe dental discrepancy affecting facial esthetics; in most cases it is concomitant to a skeletal disharmony 32 . The clinical discrepancy can derive from skeletal retrusion of the maxilla, protrusion of the mandible, or the combination of them resulting in a characteristic concave facial profile [33] [34] [35] [36] [37] .
As the soft tissue profile characteristics may differ among individuals of varying ethnic origin [38] [39] [40] [41] [42] , it was considered useful to investigate the soft tissue esthetic discrepancies of the Class III malocclusion adult Greeks. The finding that males exhibit greater soft tissue thickness overall has already been observed in previous studies 43 . Consequently, the evaluation of soft tissue profile of Greek males and females with Class III malocclusion and the determination of their morphological characteristics may contribute to the diagnosis, prognosis and therapeutic procedures used for these patients.
Because the thickness of the tissues overlying Pogonion may vary greatly, the soft-tissue facial angle constitutes a more appropriate means of assessing chin prominence than the skeletal tissue measurements. The findings of this study concerning the soft-tissue facial angle are greater but still in the acceptable range of the ideal measurement of 91 ±7 0 as Holdaway proposed 31 .
Furthermore, variations in the nasal area are considered to be very important. Although nasal form should be judged on an individual basis, nasal prominence may be categorized. Measurements below 14 mm fall in the small nose category, while those over 24 mm, may be categorized as large or prominent. Female noses were normal in size according to Holdaway norms 31 but the males' nose prominence was significantly larger.
The superior sulcus depth normally ranges from 1 to 4 mm, and one should avoid reaching results were this variable falls below 1.5 mm. The superior sulcus depth may be allowed to be under in some circumstances, like decreased face height, increased chin prominence, and upper lips that are long or thick 31 . Class III females presented statistically significant lower value of the upper lip curvature. Thus, females presented a more severe esthetic problem concerning the upper lip curvature.
The nasolabial angle is also considered important in evaluating nasal area esthetics. However, in cases of excess one cannot determine the cause; back slanting of the upper lip, an upwards-turning nose tip, or both. Drawing a line perpendicular to the Frankfort Horizontal plane could describe more accurately the subnasal contour 31 .
Class III females presented significantly reduced distance from the soft-tissue subnasale to the H line compared to Class III males resulting in worse esthetics. In males however, the observed measurement was found to be within the normal range 31 . 
Conclusions
From the results of the current study we may conclude that:
1. Class III malocclusion males and females present negative convexity of the skeletal profile. 2. Class III males present the following differences compared to females: more prominent noses, increased depth of the upper lip sulcus, increased distance from subnasale to H line, more concave profiles, thicker upper lip at the basis, as well as the level of the vermillion border. 3. There observed differences possibly suggest gender dimorphism in adult Greeks.
Although skeletal profile convexity does not refer to soft tissues, it is directly related to harmonious lip relationships 44 . Measurements between -3 to +5 mm, enable harmonious lip alignment in cases wherethat the superior sulcus depth is around 5 mm. In cases with short and/or thin lips, a skeletal profile convexity of 3 mm is considered adequate, whereas a 7 mm convexity may by in harmony with longer and/or thicker lips 31 . Skeletal convexity was significantly more negative in males compared to Class III females, maybe due to the reduced chin prominence relative to Nasion.
Basic upper lip thickness is useful in determining strain in the lips, when it is compared to the thickness of lip tissue at the level equal to the vermilion border 31 . In white norms this measurement has a mean value of 15±1 mm. The male upper lip thickness was statistically significant greater compared to females.
Usual lip thickness at the vermilion border level is 13 to 14 mm. Measurements larger than basic upper lip thickness usually indicate decreased anterior facial dimensions and deep overbite 31 . Gender dimorphism was evident in the investigated sample with larger upper lip strain in Class III males compared with females.
The H angle has a mean value of 10 degrees when the convexity measurement is 0 mm. Under ideal conditions, as skeletal convexity increases, the H angle must also increase in order to have a harmonious relationship 31 . The H angle for both males and females was smaller compared to the normal value. This finding is harmonious to the negative skeletal convexity of this sample.
According to existing norms, the lower lip should be on the H line or 0.5 mm anteriorly. However, a range from -1 to +2 mm can be regarded to be within a normal range 31 . When the chin is prominent or the mandible is prognathic, the H line can move forward relative to the rest of the facial structures and the lower lip distance from the H plane acquires negative values. In the investigated Class III sample, both in males and females, the lower lip was found to be more posteriorly positioned in relation to H line confirming the severe chin prominence 31 .
The inferior sulcus point to the H line is an indicator of the axial inclination of the lower incisors. Lower incisors with labial root torque result in a decrease in the curvature of the inferior sulcus area and make the distance from the inferior sulcus to the H line shorter 31 . In the Class III sample regarding our study this distance was significantly shorter from normal, possibly because of the lower incisor inclination due to the dentoalveolar compensation that characterizes skeletal Class III disharmony.
Finally, it is importance to acknowledge the fact that soft tissue overlying the chin present variability and refrain from retracting the lower and consequently the upper incisors, thus taking away the needed lip support. This measurement showed no significant differences in the studied patient groups.
